Seedlns of castor bean (Ricun commwus cv. Hale) were exposed to gibbereflin A3 (GAs) (100 micromolar) for periods up to 20 hours. Endosperm homogenates were fractionated on linear sucrose gradients and enzymes In mitochondria, glyoxysome, and cytosol fractions were assayed.
Gonzailez (5) , Wrigley and Lord (28) and Marriott and Northcote (18, 20) have shown that as a result of treatment, catalase (5) , isocitrate lyase (5, 19, 20, 28) , malate synthase (5), citrate synthase (5), 3-hydroxyacyl-CoA dehydrogenase (19) , and alkaline lipase (19) all increased in crude extracts (19, 20) or in isolated organelles (5, 28) .
Because glyoxysomal membranes are derived from the ER (1, 13, 15) and because evidence indicates that at least some glyoxysomal enzymes are synthesized on the ER (7, 13, 14) , the effect of GA3 on the ER has been investigated (5) . Wrigley and Lord (28) could not detect any effect on the activity ofcholine phosphatransferase nor on ER protein recovered from sucrose gradients. Gonzalez (5), however, reported that 20 h exposure of seedlings to GA3 resulted in increases ofNADH Cyt c reductase, CDP-choline phosphatidylglyceride transferase, and RNA associated with the ER. In a more recent paper, Gonzalez (6) has shown that GA3-induced RNA increases in the ER are the result of increases in membrane-bound polysomes.
Wrigley and Lord (28) have also examined the effect of GA3 on mitochondrial enzymes. These workers found that GA3 led to increases in the activities of the five enzymes selected for,study. In earlier studies on crude extracts of wheat aleurone layers (3) and on isolated organelles of barley aleurone layers (12) , it was found that the activities of all glyoxysome-unique enzymes assayed increased as a result of treatment with GA3. Doig et aL (3) found that citrate synthase and malate dehydrogenase in the crude extracts of wheat were only partially increased by GA3. They surmised that the GA3 effect was, possibly, isozyme-specific. Doig et al. (4) also examined a number of mitochondrial and cytosolic enzymes of intermediary metabolism and determined that these enzymes were not affected by the presence or absence of the wheat embryo; in their study, they included the mitochondrial enzymes Cyt oxidase, succinate dehydrogenase, NADH Cyt c reductase, NADH-isocitrate dehydrogenase, and a-ketoglutarate dehydrogenase. Huang and Beevers (10) found that the embryo axis of castor bean seeds was not necessary for endosperm development; their study did not attempt to determine whether the endosperm was under the influence of endogenous hormones. GA3 has also been shown to induce isocitrate lyase in the cotyledons of germinating hazel seeds (24, 26) .
Not all glyoxysomal enzymes are increased by GA3; Gonzalez (5) isocitrate and the reduction of NADP was followed at 340 nm.
All assays were carried out in triplicate in an assay volume of 0.25 ml by using a Beckman model 25 kinetic system spectrophotometer at 30 C.
Analytical Determinations. Protein determination was carried out according to Lowry et al. (16) with BSA as standard. Sucrose concentration was determined refractometrically by using a Bausch and Lomb refractometer at 20 C.
GA3 grade III was obtained from Sigma.
RESULTS
Intact seedlings were exposed to increasing concentrations of GA3. As is the case for glyoxysomal enzymes (5), the activity of fumarase is induced by GA3 within an optimal concentration range ( Fig. 1) . GA3, however, does not induce higher levels of all enzymes. As can be seen from Figure 1 , NADP-isocitrate dehydrogenase was not affected even by the higher concentrations of GA3. In general, the enhancing effect of GA3 on those enzymes that are sensitive can be detected after 10 h treatment. This is clearly demonstrated in Table I where enzyme activities were determined in organelles isolated in sucrose gradient. These findings on isolated organelles add to previously reported data for catalase in crude extracts (5) and help to show that the development of fumarase and citrate synthase (malate dehydrogenase, data not shown) in mitochondria is similar to the pattern of development observed for one glyoxysomal enzyme.
We reported previously that the effect of 20 h GA3 treatment on glyoxysomal protein is negligible (5) . In contrast to this finding, the data in Table I demonstrate that the increase in mitochondrial protein is substantial; mitochondrial protein recovered from treated seedlings was greater than 40% that in control preparations. methionine at twice the rate that it is incorporated into the same proteins of the water controls (Table II) . Our data also confirm the report by Wrigley and Lord (28) of increases in mitochondrial protein after GA3 treatment. The incorporation of label into glyoxysomal protein is consistent with the induced increases in glyoxysomal enzyme activities.
Apparently, the GA3 effect is sufficiently selective so that the increase in specific enzymes contributes an insignificant portion of the total amount of protein recovered from the isolated organelles. Not surprisingly, given the effect on organelle protein shown in Table I , the specific activity of mitochondrial enzymes was not greatly affected, whereas the induced increases in the specific activities of glyoxysomal enzymes were larger. Given the complexity ofsubcellular compartmentation in castor bean endosperm and the multiplicity of important gluconeogenic enzymes localized in more than one compartment, we have attempted to survey the effect of GA3 on the level of enzymes and isozymes in isolated organelles. Clearly, the most valid approach to a presentation of data on the effect of GA3 on enzyme levels would include a statistical evaluation of independently processed seedling groups for each enzyme assayed as well as an evaluation of the precision of the assay used to measure that activity. Taking into consideration time and resources, we have attempted to do this for only two enzymes, catalase (data not shown) and citrate synthase ( Fig. 2 ; Table III ). Based on these data, as well as on previous experience with sucrose gradients, we judge variability among levels ofactivity in organelle fractions ofreplicate gradients to be about 20%o (or less). Thus, we believe that GA3-induced increases greater than 20%o are likely to be significant.
In Figure 3 , typical profiles of enzymic activities in a 20 to 60o sucrose gradient are shown. The data points compiled in Table IV represent the distribution of activity of an enzyme in a gradient and was obtained either by assaying pooled organelle peaks or as a summation of the (averaged) activities in the individual peak fractions (Fig. 4) . I . (Table IV) : GOT, L-asp-a-ketoglutarate aminotransferase; CS, citrate synthase; ICL, isocitrate lyase; MS, malate synthase; MDH, malate dehydrogenase; SDH, succinate dehydrogenase; F'ase, fumarase; A'tase, aconitase; PEP, P-enolpyruvate; PEPCK, P-enolpyruvate carboxykinase; FBPase, fructose-1,6-bisphosphatase, aKG, a-ketoglutarate; AcCoA, acetyl-CoA; SuccSCoA, succinyl CoA; F6P, fructose 6-phosphate; F-1,6-P, fructose 1,6-bisphosphate; OAA, oxaloacetate.
DISCUSSION
Clearly, application of GA3 to intact seedlings results in a series of biochemical changes which can be roughly construed as acceleration of seedling development and, consequentially, enhanced lipid mobilization. Mariott and Northcote (18) found that, in fact, metabolism of storage lipid is accelerated in endosperm embedded in GA3-containing agar.
Inasmuch as we (5) and others (4, 28) have found that GA3 does not affect the activities of all enzymes indiscriminately, it is appropriate to determine whether a pattern of GA3 action exists. explanation for the insensitivity of the mitochondrial isozyme to exogenous GA3 but would speculate that endogenous GA3 levels, however small, might be sufficient to maintain maximum levels of the enzyme. We have encountered differences in the sensitivity of various seed lots to exogenous GA3. We notice that the older seed lots respond better to GA3 than do the more recently harvested ones. There are also some differences in the levels attained by certain enzymes. For example, in a previous paper, Gonzalez (5) showed that GA3 led to 62% increase in isocitrate lyase activity and 40o increase in catalase activity. This contrasts with 28% increase in isocitrate lyase and 88% increase in catalase reported here. Inasmuch as we are now using a different lot of seeds, we can only conclude that the levels of endogenous hormones vary with each lot and change as the seeds grow older.
